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[57] ABSTRACT 

An abrasivejet nozzle assembly is disclosed which is 
particularly suitable for drilling small diameter holes in 
a workpiece. Such assemblies include a mixing region 
wherein abrasive particles are entrained into a high 
velocity waterjet formed as high pressure water is 
forced through a jet-forming orifice. Among the unique 
features of the nozzle assembly are an inwardly tapered 
abrasive path just upstream of the mixing region, flush- 
ing conduits immediately upstream and downstream of 
the mixing region, and a venting passageway upstream 
of the mixing region which prevents the backflow of 
abrasive dust towards the jet-forming orifice. 

17 Claims, 2 Drawing Sheets 
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. ~_ , ^r^^^ ™ assembly comprises housing means having an inlet end 

ABRASIVEJET NOZZLE ASSEMBLY FOR SMALL for receiving high pressure liquid, and an outlet end 

HOLE DRILLING AND THIN KERF CUTTING downstream from the inlet end. C^ce-tefining means 

. is positioned between the inlet and outlet ends for form- 

This invention relates to cutting systems of the type 5 ing a high velocity liquid jet from the high pressure 

utilizing a high velocity, abrasive-laden liquid jet liquid. 

The use of high velocity, abrasive-laden liquid jets to The housing means including an abrasive-conducting 
precisely cut a variety of materials is well known. inlet passage for conducting abrasive from a source 
Briefly, a high velocity waterjet is first formed by com- external to the nozzle assembly to a mixing region 
pressing the liquid to an operating pressure of 35,000 to 10 downstream from the jet-forming orifice so that abra- 
70,000 psi, and forcing the compressed liquid through sive particles become entrained in the jet At least a 
an orifice having a diameter approximating that of a portion of the abrasive-conducting inlet passage is gen- 
human hair; namely, 0.001-0.015 inches. The resulting erally converging in the direction of abrasive travel, 
highly coherent jet is discharged from the orifice at a The housing means further includes an abrasive exit 
velocity which approaches or exceeds the speed of 15 conduit in fluid communication with the mixing region 
so ^ t for conducting abrasive out of the nozzle assembly 

The liquid most frequently used to . from the jet is along a path separate from that taken by the jet, and 

water, and the high velocity jet described hereinafter means defining a discharge conduit downstream from 

may accordingly be identified as a waterjet Those the mixing region for conducting the abrasive-laden 

skilled in the art will recognize, however, that numer- 20 liquid cutting jet out of the nozzle assembly, the dis- 

ous other liquids can be used without departing from charge conduit having a length-to-width ratio in the 

the scope of the invention, and the recitation of the jet range from 100 to 500. 

as comprising water should not be interpreted as a limi- In accordance with another aspect of the invention, a 

tat i on< removably securable insert for use in the nozzle housing 

To produce the abrasive-laden waterjet the high 25 is described, and comprises a body of wear-resistant 

velocity jet passes through a mixing region wherein a material having a pair of intersecting through-passages, 

quantity of abrasive is entrained into the jet by the low one of said through-passages having a cross-section in 

pressure region which surrounds the flowing liquid in the range of 10 to 50 times the diameter of the jet. The 

accordance with the Bernoulli Principle. The abrasive other of the passages is convergingly shaped at one end 

is typically (but not limited to) a fine silica or garnet 30 in the direction towards the intersection, 

and is typically drawn via a conduit into the mixing Additional details and features of the invention will 

region from an external hopper by the Bernoulli- become evident in the following description of a pre- 

uduced suction. ferred embodiment of which the Drawing is a part. 

The abrasive-laden waterjet is then discharged 

against a workpiece that is supported closely adjacent 35 DESCRIPTION OF THE DRAWING 

to the discharge end of the nozzle housing. Additional FIG. 1 is front view in section of an abrasivejet noz- 

information and details concerning abrasivejet technol- zle assembly in accordance with the invention; and 

ogy may be found in U.S. Pat. No. 4,648,2 15, the con- FIG. 2 is an enlarged view of the jet-forming orifice 

tents of which are hereby incorporated by reference assembly illustrated in FIG. 1. 

The term "abrasivejet" is used herein as a shorthand 40 

expression for "abrasive-laden waterjet" in accordance DESCRIPTION OF THE PREFERRED 

with standard terminology in the art. EMBODIMENT 

New applications in the electronics and aerospace Referring initially to FIG. 1, an abrasivejet nozzle 

industries require the drilling of small holes and/or the assembly constructed in accordance with the invention 

creation of minimal kerf in workpieces formed from 45 is shown to comprise a waterjet orifice housing 10 and 

brittle materials, composites, and laminates. For exam- an abrasivejet housing 12. The waterjet orifice housing 

pie, many aerospace components consist of a metal 10 has an axially-extending passage 14 extending from 

substrate coated with ceramics for thermal protection. an upstream end region 16, An inlet port (not shown) in 

Although abrasivejets have been used to cut a wide the upstream end region 16 permits the ingress of high 

variety of materials, no commercially satisfactory appa- 50 pressure water (or other suitable liquid) into the passage 

ratus has been available for drilling small diameter holes 14. Typically, the passage is approximately 6.3 mm (0.25 

(i.e., as.small as 0.010 inches) in brittle materials, com- inches) in diameter. The term "high pressure" is used to 

posites and laminates, or cutting such materials with the denote pressures in the range of 35,000 to 55,000 psi. 

minimal kerf (i.e., 0.010 inches wide). In practice, these Those skilled in the art will recognize that the sources 

aforementioned materials tend to chip, crack, fracture, 55 of such highly pressurized water are typically intensifier 

or delaminate when impinged upon by the abrasivejet pumps which form part of an abrasivejet cutting system. 

While the drilling of small holes and the cutting of A description of these pumps is beyond the scope of this 

minimal kerf would appear to the layman to merely specification, and is accordingly omitted for the sake of 

require the use of a small diameter abrasivejet, this is not brevity. 

the case. In practice, a reduction in jet diameter has 60 A jewel orifice-defining member 18, shown more 

resulted in non-uniform cutting, delamination of the clearly in magnification in FIG. 2, has a jet-forming 

workpiece or an unacceptable degradation in cutting orifice 20 approximately 0.076 to 0.457 mm (0.003 to 

^TJww*™ ^« ™™ °- 018 inch) in diameter and positioned in the down- 

SUMMARY OF THE INVENTION stream end region of the passage 14 to produce a highly 

The invention herein is an abrasivejet nozzle asscm- 65 coherent high velocity cutting jet from the high pres- 

bly for use in an abrasivejet cutting system for drilling sure water passing through the orifice. The jewel orifice 

small diameter holes and/or cutting small widths of kerf member 18 is preferably formed from an extremely hard 

m a brittle, composite or laminate material. The nozzle material such as synthetic sapphire or diamond. The 
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jewel member 18 is securely sealed within a recess 22 of ter of approximately 2.5 mm (0. 1 inches). By forcing the 
a holder member 24 by an 0-ring or seal 26, and is sealed abrasive into a flow pattern of smaller diameter, the 
against the holder member by the high pressure liquid in abrasive is much less likely to circumvent the thin jet 
the passageway 14, as ts known in the art and either exit via the abrasive exit passage 44 or accu- 

ReturmngtoFiai,theabrasivejetbodyl2isshbwn 5 mulate within the nozzle housing, 
to comprise upper and lower body members 28, 30 Accumulation of abrasive within the housing is fur- 
wnicn are secured together by three screws 32. The ther minimized by the provision of a flushing inlet pas- 
three screws are spaced 120* apart around the top of the sage 48 in communication with the abrasive-conducting 
upper body member; however only one such screw passageway upstream of the mixing region. In opera- 
appears in FIG. 1 for visual clarity. The upper body 10 tion, the flushing inlet 48 is coupled to a source of low 
member 28 is preferably secured to the waterjet housing pressure water or other suitable liquid. In practice, a 
10 by an internally threaded, cylindrical cavity 34 low-pressure line allowing up to 1 gallon per minute of 
which threads onto external threads circumventing the water at up to 100 psi of pressure has been found suit- 
downstream end of the waterjet housing 10. able for the connection. The addition of a flushing ori- 
k«^J ab « tt m« faces of the upper and lower body mem- 15 fice 49 results in a suitable abrasive-flushing jet when an 
bers 28, 30 are shaped to form a "ball and socket" ar- ordinary tap water is used. Low pressure flushing liquid 
rangement which enables the axially-extending passage- preferably enters the cutting nozzle assembly under the 
way 36 of a discharge tube 38 in the lower member to be influence of the vacuum source coupled to the abrasive 
axially aligned with the jet-forming orifice 18 by means outlet passage 44, and flushes the insert of any remain- 
of the selective rotation of the adjustment screws 32. 20 ing abrasive material after the drilling and/or cutting 
Additional details concerning the alignment mechanism operation is complete. 

may be found in co-pending U.S. Ser. No. 794,234, filed The lower member 30 of the abrasivejet body addi- 
Oct. 31, 1985 which is assigned to the present assignee. tionally includes a second flushing passage 59 in cora- 
The contents of that patent application are incorporated munication with the abrasive-conducting outlet passage 
by reference. 25 44 downstream of the mixing region. In practice, a low 

The lower body member 30 further includes an abra- pressure line allowing up to 2 gallons per minute of 
sive-conducting entry passage 40 for conducting abra- water at up to 100 psi of pressure has been found suit- 
srye from an external hopper (or other source) to a able for the connection. The low pressure flushing fluid 
mixing region 42 within the lower body member. As is preferably enters the nozzle assembly under the influ- 
known in the art, the abrasive typically comprises (but 30 ence of the vacuum source while the cutting or drolling 
is not limited to) a fine garnet or silica powder, and is operation is in progress to insure that no abrasives accu- 
drawn into the assembly by the low pressure surround- mulate in the mixing region. The downstream flushing 
mg the moving jet in accordance with the Bernoulli water should not be allowed to enter the mixing region, 
Principle. The abrasive is conducted to the mixing re- and its flow rate can be adjusted to prevent that from 
gion downstream from the jet-producing orifice 18 and 35 occurring. 

adjacent the high velocity jet so that the abrasive be- The discharge tube 38 is positioned in an axially- 
comes entrained with the jet by the low pressure region extending bore formed within the lower body member 
which surrounds the moving liquid. Additional details 30. The tube 38 is formed from tungsten carbide, or 
concernmg the formation of abrasive jets are set forth in other extremely hard material, and has an internal diam- 

« ?K No - 4 ' 648 » 215 wluch lssucd on Mar. 10, 1987 40 eter of from 0.25 to 5 mm (0.010 to 0.10 inches), a typi- 
to Hashish, et. al. The contents of that patent are incor- cal length of 10 to 25 cm (4 to 10 inches), and a length- 
porated by reference. to-diameter ratio of from 100-500. The downstream end 

An abrasive outlet passage 44 for conducting abrasive of the discharge tube 38 is positioned closely adjacent 
and/or abrasive-laden liquid is also formed in the lower the workpiece during the cutting operation and dis- 
body member 30. The abrasive outlet passage 44 com- 45 charges the abrasive-laden jet against a workpiece. In 
municates at one end with the mixing region 42, and is practice a set-off distance of 0.25 to 2.55 mm (0.01 to 
preferably diametrically opposite to, and co-axially 0.10 inches) is satisfactory. 

aligned with, the inlet abrasive passage 40. the outlet The exterior downstream end of the discharge tube 
passage 44 is coupled to a vacuum device which main- 38 is preferably machined down to form a conical shape 
tains a generally constant inflow of abrasive from the 50 to permit operation against inclined surfaces with mini- 
external hopper through the inlet passageway 40 during mum set-off distance. Typical conical angles are 20 # to 
periods m which the Bernoulli EfTect surrounding the 45' included angle. The diameter of the flat end 38a of 
flowing jet 55 is insufficient to maintain a level of abra- the discharge tube is preferably very small: eg., in the 
sive flow which yields satisfactory cutting and/or dril- range of 1.1 to 2 times the internal diameter of the dis- 
bng. Details concerning the use of vacuum-assisted 55 charge tube 38. 

abrasive flow are described in greater detail in my co- In operation, it has been discovered that quantities of 
??? g ,2£ ' J* tCnt a PP bcation No - 308 ' 730 ™<* abrasive material accumulate on the jet-forming 

F eb. 9, 1989, the contents of which are incorporated by orifice member 18, severely accelerating its failure rate 
reference. w h en the abrasive is sucked along through the orifice 

In accordance with one aspect of the invention, the 60 with the jet, especially when fast-acting on/off valves 
flow of abrasive within the inlet passageway 40 is fo- are used. Under those conditions, the jet-forming orifice 
cused by the generally converging walls of a through- is subjected to the impact of abrasive particles, and is 
bore 46a formed in an insert member 46. The through- quickly fractured or worn out of tolerance. It is be- 
bore 46a extends generally perpendicular to the direc- lieved that the cause of the problem lies in the pressure 
tion of jet travel, intersecting the jet's path within the 65 differential between the environment external to the 
inixing region 42. In practice the converging section of nozzle assembly housing and the low pressure environ- 
the bore 46c has a widest diameter of approximately 3.8 mem surrounding the jet as a result of its high velocity 
to o.3 mm (0.15 to 0.25 inches), and a narrowest diame- motion. That pressure differential causes air to flow up 
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the passageway 56 towards the orifice member, gather- the housing means further including an abrasive exit 

ing a quantity of abrasive "dust" as it does so. Upon the conduit in fluid communication with the mixing 

fast closure of the high pressure waterjet flow, a low region for conducting abrasive out of the nozzle 

pressure develops above the jet-forming member 18 due assembly along a path separate from that taken by 

to a hydraulic transient phenomenon. This causes the 5 the jet; and 

dust to accumulate on the jewel element When the high means defining a discharge conduit downstream from 

pressure jet is activated again, the dust is picked up by the mixing region for conducting the abrasive jet 

the high pressure fluid and is forced through the jet- out of the nozzle assembly, the discharge conduit 

forming orifice. The entrained abrasives quickly dam- having a length-to-width ratio in the range from 

age the orifice member. 10 100 to 500. 

To substantially eliminate the "backflow" of abrasive 2. The nozzle assembly of claim 1 wherein the hous- 
matenal up below the discharge tube, the orifice hold- mg means includes a jet-accommodating passage be- 
ing member 24 is provided with a radially extending tween the jet-forming orifice and the mixing region, the 
passageway 50 having one end in communication with jet-accommodating passage having cross-section di- 
the jet, and its other end m communication with the 13 mensions in the range of 10 to 50 times the diameter of 
environment external to the nozzle housing. Communi- the jet 

cation with Ae external environment is made through a 3 . The nozzle assembly of claim 2 wherein the gener- 

weep hole 52 in the upper body member 28 which also au y converging portion of the abrasive-conducting inlet 

aUowslea^gwa^ p reduccs ^ crosfrSCction of ^ * b 

jet nozzle housing 10 and the orifice supporting member 20 30% to 70% 

£'in S H^fT y ^r*?* 8 of ; rom * 4. The nozzle assembly of claim 2 wherein the gener- 

12J££ ™h ?hSL23? ^Sn f ^ d convergingportJonof the abrasiveHX>nductini inlet 

satosfactory, and a dimeter of 1 mm «X040 mches) has passa ^ a which reducc8 * 

been found suitable for a wide range of jet diameters. L *i ^ , . F/»~»ft* 

t,s fi lf tw #: T !r " ^ / 25 to approximately the same cross-section dimensions as 

To . further ^restnet the migration of abrasive dust up those of the jet-accommodating passage. 

0^*0^ f * ™* ^ assembly of daim 1 wherein the hous- 

^^^^^^ * t UPS ' m * means mcludes a flushm * Passageway in fluid com- 

mafe^ ZSZ^t* ^ 

orifice, to allow for a slight spreading of the wa3 30 clo *£ U P*^ from * c ™? n 8 . fc n L 

The size of the secondary orifice is sufficiently clcS to . * n0 ^as*mbly of claim 5 wherein the flush- 
that of the waterjet Really otoSS toS^l^ ^IT ^ * 
counterflow of air. Consequently, the pressure dfferen- t0 *" b ™ve^nductmg inlet passage, 
tial described above draws substantially all of its air „ . * ^ f*** of ?T* where,n hou . s * 
throughthep^geway50.Smcetheaxkllengthofthe 33 ^ mcans mcud es a second flushing passageway in 
secondary orifice is minimal, any drag on the^terjet *** , with the abrasive exit conduit 

by its close dimension is of little or no effect. By <£ ^downstream from the mixing region, 
trast, the diameter of the axially extending channel 54 „ \ V 1 * n02zlc of clmm 7 wherem the second 

which couples the jet-forming orifice to the secondary m fl ^ hmg Pf?f way » form . cd about an **** which is 
orifice is from 5 to 50 times that of the jet, permitting ob if mih * c abraave cxlt co ! lduit - 
the jet to travel freely. 9 - Thc nozzle assembly of claim 1 wherein the dis- 

While the foregoing description includes detail which chargc 0011(11x11 means includes a generally tubular dis- 
will enable those skilled in the art to practice the inven- charge element having an exterior downstream end 
tion, it should be recognized that the description is 45 ngxon of «»eMUy conical shape, 
illustrative in nature and that many modifications and 10 ' ^ nozzlc assembly of claim 9 wherein the tubu- 
variations will be apparent to those skilled in the art discharge element has an inside diameter, and 

having the benefit of these teachings; It is accordingly wherein the conical region has a minimum outside di- 
intended that the invention herein be defined solely by ameter approximately twice the inside diameter of the 
the claims appended hereto and that the claims be inter- 50 downstream end. 

preted as broadly as permitted in light of the prior art. 11 \ Tnc nozzle assembly of claim 1 including means 
I claim: defining an orifice-bypassing discharge path for envi- 

1. An abrasivejet nozzle assembly for use in an abra- ronmental gasses external to the nozzle assembly which 
sive jet cutting system comprising: undergo a Bernoulli-induced flow counter to the direc- 

. housing means having an inlet end for receiving high 55 t* 011 of jet propagation through the discharge conduit 
pressure liquid, and an outlet end downstream from towards the jet-forming orifice, so that abrasive mate- 
the inlet end; rial carried by the gasses from the mixing region 

jet-forming orifice-defining means positioned be- towards the jet-forming orifice is substantially diverted 
tween the inlet and outlet ends for forming a high from reaching the jet-forming orifice, 
velocity liquid jet from the high pressure liquid, 60 12 - The nozzle assembly of claim 11 wherein the 
the housing means including an abrasive-conducting housing means includes a venting passageway in fluid 
inlet passage for conducting abrasive from* source communication at one end with the high velocity jet at 
external to the nozzle assembly to a mixing region a region between the jet-forming orifice and the mixing 
downstream from the jet-forming orifice so that region, the venting region being in fluid communication 
abrasive becomes entrained in the jet to form an 65 at its other end with the environment external to the 
abrasive jet, at least a portion of the abrasive-con- nozzle assembly. 

ducting inlet passage being generally converging in 13. For use in an abrasive-jet nozzle assembly of the 
the direction of abrasive travel, type including 
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housing means having an inlet end for receiving high 
pressure liquid, and an outlet end downstream from 
the inlet end; 

jet-forming orifice-defining means positioned be- 
tween the inlet and outlet ends for forming a high 5 
velocity liquid jet from the high pressure liquid; 

the housing means including an abrasive-conducting 
inlet passage for conducting abrasive from a source 
external to the nozzle assembly towards a mixing 
region downstream from the jet-forming orifice, 10 
and wherein 

the housing means further including an abrasive exit 
conduit i fluid communication with the mixing 
region for conducting abrasive out of the nozzle 
assembly along a path separate form that taken by 13 
the jet; and 

means defining a discharge conduit downstream from 
the mixing region for conducting the jet and en- 
trained abrasive out of the nozzle assembly; 

a removably securable insert comprising: ' 20 

a body of wear-resistant material having a pair of 
intersecting through-passages, one of said through- 
passages having a cross-section in the range of 10 to 
50 times the diameter of the jet, 

the other of the passages being convergingly shaped 25 
at one end in the direction towards the intersection. 

14. The insert of claim 13 wherein the converging 
portion of said other passage has a minimum cross-sec- 
tion approximately equivalent to the cross-section of the 
first passage adjacent the intersection. 30 

15. The insert of claim 13 wherein the converging 
portion of said other passage has a minimum cross-sec- 
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tion approximately equivalent to 30% to 70% of its 
maximum diameter. 

16. The insert of claim 13 wherein the two passages 
are generally perpendicular to each other. 

17. An abrasivejet nozzle assembly for use in an abra- 
sive jet cutting system comprising: 

housing means having an inlet end for receiving high 
pressure liquid, and an outlet end downstream from 
the inlet end; 

jet-forming orifice-defining means positioned be- 
tween the inlet and outlet ends for forming a high 
velocity liquid jet from the high pressure liquid, 

the housing means including an abrasive-conducting 
inlet passage for conducting abrasive from a source 
external to the nozzle assembly to a mixing region 
downstream from the jet-forming orifice so that 
abrasive becomes entrained in the jet, 

the housing means further including a discharge con- 
duit downstream from the mixing region for con- 
ducting the jet and entrained abrasive out of the 
nozzle assembly. 

the housing means further including a venting pas- 
sage in communication at one end with the envi- 
ronment external to the nozzle assembly, and in 
communication at its other end with the high ve- 
locity jet at a region between the jet-forming ori- 
fice and the mixing region, thereby providing an 
alternative path for Bernoulli-induced flow of ex- 
ternal environmental gasses toward the jet-forming 
orifice which is different than the path defined 
through the discharge conduit 
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